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ANALOG SIGNAL MEASURING DEVICE AND METHOD 

This application claims the benefit of Taiwan application Serial No. 
92119567, filed July 17, 2003. 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The invention relates to a signal measuring device and method, and 
more particularly to an analog signal measuring device and method. 

Description of the Related Art 

[0002] Recently, the electric circuits are greatly advanced. In the circuits 
10 which are getting more and more precise, various detecting functions are 
often performed using the signal measuring technology. Thus, the signal 
measuring device is of great importance in the circuit having extremely 
complicated functions. 

[0003] Since the integrated circuits are well developed, microcontrollers 
15 are often used to measure the analog signals. In this kind of microcontrollers, 
a circuit has to be provided to convert the analog signal into the digital signal 
so that the digitized operations may be performed. In practice, an 
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analog/digital converter (ADC) is provided to perform the signal converting 
process. 

[0004] The microcontroller with an ADC is more expensive than a digital 
controller without an ADC, and the power loss or consumption of the 

5 microcontroller is also greater. In order to satisfy the measurement demands 
for the analog signal and effectively reduce the cost and power loss, it is 
necessary to develop a device and method for measuring the analog signal 
using the digital controller (a purely digitized controller without any 
analog/signal converter or microcontroller) so as to save the power and cost 

10 and enhance the product's competition ability. 

SUMMARY OF THE INVENTION 

[0005] It is therefore an object of the invention to provide an analog signal 
measuring device and method with reduced cost and power consumption. 

[0008] The invention achieves the above-identified object by providing an 
15 analog signal measuring device, which is briefly described in the following. 

[0007] The analog signal measuring device for measuring an analog signal 
includes a digital controller, a waveform converter and a comparator. The 
digital controller includes a PWM controller for outputting a pulse signal having 
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an adjustable pulse width to the waveform converter, which converts the pulse 
signal into a sawtooth wave or a triangle wave for output as a carrier signal. 
Next, the comparator feeds a comparison pulse signal, which is obtained by 
comparing the carrier signal to the analog signal, to the digital controller, 
5 which enables or disables the counter to generate a count value 

corresponding to the comparison pulse signal. Since the count value depends 
on the comparison pulse signal and the type of the comparison pulse signal is 
directly related to the analog signal, the digital controller may get the analog 
signal according to the count value. 

10 [0008] The invention also achieves the above-identified object by providing 
an analog signal measuring method includes the following steps. 

[0009] First, a PWM controller in a digital controller generates and outputs 
a programmable pulse signal. Then, a waveform converting circuit is used to 
convert the pulse signal into a carrier signal. Next, the carrier signal is 

15 compared to a to-be-measured analog signal to generate a comparison pulse 
signal having a pulse width varying with the variation of the level (high or low) 
of the analog signal. The generated comparison pulse signal may enable a 
counter in the digital controller to generate a count value, and the digital 
controller may get a measurement result of the analog signal according to the 

20 count value. In practice, it is possible to set the digital controller to a 
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negative-edge trigger interruption mode before the measurement. After the 
comparison pulse signal is fed into the digital controller, a negative edge of the 
comparison pulse signal may be used to trigger the digital controller to 
generate an interruption signal, which enables the counter to start counting. In 

5 addition, the interruption setting of the digital controller is changed to a 

positive-edge trigger interruption mode according to the same interruption 
signal. Next, the positive edge of the comparison pulse signal enables the 
digital controller to start counting and to output the interruption signal again, 
which disables the counter from counting and to get the count value. The 

10 measured value of the analog signal may be computed according to the count 
value. 

[0010] Other objects, features, and advantages of the invention will 
become apparent from the following detailed description of the preferred but 
non-limiting embodiments. The following description is made with reference to 
15 the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a block diagram showing an analog signal measuring 
device according to a preferred embodiment of the invention. 

[0012] FIG. 2 shows a relationship between a pulse signal and a carrier 
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signal. 

[0013] FIG. 3 shows a relationship among the carrier signal, the analog 
signal and the comparison pulse signal. 

[0014] FIG. 4 is a flow chart showing an analog signal measuring method 
5 according to a preferred embodiment of the invention. 

[0015] FIG. 5 further shows a relationship among the carrier signal, the 
analog signal and the comparison pulse signal. 

[0016] FIG. 6 shows a relationship between the pulse width variation of the 
pulse signal and the carrier signal. 

10 [0017] FIG. 7A shows a comparison pulse signal generated when a battery 
potential is higher than a low-voltage level. 

[0018] FIG. 7B shows a comparison pulse signal generated when a battery 
potential is lower than a low-voltage level. 

DETAILED DESCRIPTION OF THE INVENTION 

15 [0019] FIG. 1 is a block diagram showing an analog signal measuring 
device according to a preferred embodiment of the invention. The analog 
signal measuring device includes a digital controller 100, a waveform 
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converter 140 and a comparator 150 for measuring an analog signal Vt, which 
may be, for example, a DC (direct current) voltage. A pulse width modulation 
(PWM) controller 110 for outputting a pulse signal PS having an adjustable 
pulse width to the waveform converter 140 is disposed in the digital controller 
5 1 00. After the waveform converter 140 receives the pulse signal PS, the pulse 
waveform may be converted into a sawtooth wave or a triangle wave and then 
output as a carrier signal CS. In practice, the waveform converter 140 may be 
implemented by an RC circuit or a triangle wave generating circuit. 

[0020] Next, the comparator 150 compares the carrier signal CS to the 
10 analog signal Vt and then generates a comparison pulse signal CPS having a 
pulse width varying with the variation of the level of the analog signal Vt. In 
this embodiment, the pulse width of the comparison pulse signal CPS is 
getting narrower as the analog signal Vt is getting higher, but the analog 
signal Vt should not exceed the maximum voltage of the carrier signal CS. On 
15 the other hand, an interrupt controller 120 is disposed in the digital controller 
100, and a counter 130 may be enabled to start counting or disabled from 
counting according to the comparison pulse signal CPS in order to generate a 
count value corresponding to the comparison pulse signal CPS. Since the 
count value depends on the comparison pulse signal CPS, and the type of the 
20 comparison pulse signal CPS is directly related to the analog signal Vt, the 

digital controller 100 may get the magnitude of the analog signal Vt according 
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to the count value. 

[0021] FIG. 2 shows a relationship between a pulse signal PS and a carrier 
signal CS. Taking the RC circuit as an example, properly adjusting the ratio of 
the resistance to the capacitance may convert the pulse signal PS, through 

5 the charge/discharge mechanism of the RC circuit, into the carrier signal CS 
with the triangle wave for output and for comparison with the analog signal Vt. 
FIG 3 shows a relationship among the carrier signal CS, the analog signal Vt 
and the comparison pulse signal CPS. Taking FIG. 1 as an example, since the 
carrier signal CS and the analog signal Vt are coupled to a positive input 

10 terminal and a negative input terminal of the comparator 1 50, respectively, the 
comparison pulse signal CPS is at a high level when the analog signal Vt is 
smaller than the carrier signal CS, and otherwise the comparison pulse signal 
CPS is at a low level. In other words, the pulse width PW of the comparison 
pulse signal CPS varies with the variation (high or low) of the analog signal Vt. 

15 This example also reflects that the analog signal Vt is inversely proportional to 
the duty cycle of the comparison pulse signal CPS, wherein the duty cycle is 
the ratio of the pulse width PW to the cycle T. 

[0022] FIG. 4 is a flow chart showing an analog signal measuring method 
according to a preferred embodiment of the invention. First, the PWM 
20 controller in the digital controller may generate a programmable pulse signal 
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having a pulse width that may be adjusted freely, and may output the 
programmable pulse signal PS (step 405). Then, a waveform converting 
circuit is utilized to convert the pulse signal into a carrier signal CS (step 410). 
Next, the carrier signal and the to-be-measured analog signal Vt are 
compared to generate a comparison pulse signal CPS having a pulse width 
varying with the variation of the analog signal (step 420). After the comparison 
pulse signal is generated, it may be used to drive the counter in the digital 
controller to generate a count value (step 430). Accordingly, the digital 
controller may get the measurement result of the analog signal according to 
the count value (step 440). For example, it is possible to set the digital 
controller to a negative-edge trigger interruption mode before the 
measurement. After the comparison pulse signal is fed into the digital 
controller, the negative edge of the comparison pulse signal may be used to 
trigger the digital controller to generate an interruption signal, which enables 
the counter to start counting. In addition, the interruption setting of the digital 
controller is changed to a positive-edge trigger interruption mode according to 
the same interruption signal. Next, the positive edge of the comparison pulse 
signal enables the digital controller to start counting and to output the 
interruption signal again, which disables the counter from counting and to get 
the count value. The measured value of the analog signal may be computed 
according to the count value. 
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[0023] FIG 5 further shows a relationship among the carrier signal CS, the 
analog signal Vt and the comparison pulse signal CPS. Taking this figure as 
an example, a peak value of the carrier signal CS is 5V, and the 
to-be-measured analog signal Vt is 1 .25V. The comparison pulse signal CPS 
5 after the carrier signal CS and the analog signal Vt are compared is illustrated 
in this figure. It is to be noted that since the level of the analog signal Vt is 
equal to one fourth of the peak value of the carrier signal CS, the cycle width 
occupied by the logic 0 in the comparison pulse signal CPS is also equal to 
one fourth of the whole cycle time T. 

10 [0024] In practice, the count frequency of the counter may be set to N (N = 
100, for example) times that of the carrier frequency, and the negative edge fe 
and positive edge re of the comparison pulse signal CPS may be respectively 
utilized to enable and disable the counter to generate a count value 
corresponding to the comparison pulse signal CPS. Since the frequency of the 

1 5 counter is 1 00 times of the carrier frequency, the count value generated in a 
cycle time T should be 100. Furthermore, since the peak value of the carrier 
signal CS is 5V, it is known that the magnitude of the recognizable voltage (or 
the scale voltage) is equal to 5V/100=0.05V. In this example, however, the 
practically total counting time from the enabling of the counter by the negative 

20 edge fe to the disabling of the counter by the positive edge re only occupies 
one fourth of the total cycle (i.e., T/4), and the count value should be 
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100x1/4=25. So, the measured magnitude of the analog signal by the digital 
controller should be equal to the count value multiplied by the scale voltage 
(i.e., 25*0.05V=1 25V). 

[0025] Of course, in some applications for the analog voltage 

5 measurement, it is not necessary to measure the precise voltage value but 

only necessary to know whether or not the analog signal is greater (or smaller) 
than the system's default low-voltage level. For example, in the low point 
detection of the battery potential, the digital controller only needs to adjust the 
pulse width of the pulse signal output from the PWM controller when the 

10 low-voltage level has to be set. In brief, the pulse width of the pulse signal 

may be set according to a low-voltage level. When the analog signal is smaller 
than the low-voltage level, it will be detected by the digital controller. FIG. 6 
shows a relationship between the pulse width variation of the pulse signal and 
the carrier signal. As shown in FIG. 6, when the pulse width PW of the pulse 

15 signal PS occupies 1/2 cycle, the carrier signal CS with approximate triangle 
waves may be generated after the process of the RC circuit. At this time, if the 
pulse width of the pulse signal PS is reduced to PW, the peak value of the 
generated carrier signal CS' is also reduced. That is, the peak value of the 
carrier signal is positively related to the pulse width. Taking the low point 

20 detection of the battery voltage as an example, if the battery is fully charged to 
5V, and the low-voltage level of the battery potential in the system is set to 3V 
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for the low voltage alert, the pulse width may be adjusted from the original 
50% to 30%. Next, please refer to FIG 7A showing a comparison pulse signal 
generated when a battery potential is higher than a low-voltage level. Since 
the analog signal Vt representing the battery potential is greater than the 

5 carrier signal CS', the comparison pulse signal output from the comparator is 
always kept at logic 0. If the battery potential is reduced below the low-voltage 
level (3V corresponding to the peak value of the carrier signal in this example), 
a pulse type comparison pulse signal CPS may be generated by comparing 
the carrier signal CS" to the battery potential. The more the width of the logic 1 

10 in the comparison pulse signal CPS, the lower the battery potential, as shown 
in FIG 7B. 

[0026] In other words, when the digital controller receives the comparison 
pulse signal with constant logic 0, it means that the battery potential is still 
higher than the system's default low-voltage level. If the battery potential is 

15 lower than the low-voltage level, the digital controller receives the pulse type 
comparison pulse signal, and the pulse width of the comparison pulse signal 
gets wider as the battery voltage gets lower. Consequently, the digital 
controller may change the setting of the low-voltage level to enable the 
system to issue the alert properly by merely adjusting the pulse width of the 

20 pulse signal. 
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[0027] The analog signal measuring device according to the embodiment 
of the invention at least has the following advantages. 

[0028] 1. The analog signal may be measured using the digital controller 
without an ADC, so the cost may be reduced. 

5 [0029] 2. The power loss is smaller, so the power may be saved, and the 
generated heat may be suppressed. 

[0030] While the invention has been described by way of example and in 
terms of a preferred embodiment, it is to be understood that the invention is 
not limited thereto. On the contrary, it is intended to cover various 
10 modifications and similar arrangements and procedures, and the scope of the 
appended claims therefore should be accorded the broadest interpretation so 
as to encompass all such modifications and similar arrangements and 
procedures. 
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